Tidal marsh exchange studies are relatively simple tools to investigate the interaction between tidal marshes and estuaries. They have mostly been confined to only a few elements and to saltwater or brackish systems. This study presents Also, the difference between the bulk tidal exchangc and seepage is'scoped.
Introduction
It is generally thought that fringing marshes act as a filter for the estuarine water by removing inorganic and organic substances from the floodwaters or by changing the substance speciation (e.9. Cai et aL.2000; Tobias et a\.,2001 ' Gribsholt et at.,2005 .
The marsh basically provides a large increase in reactive surface and enhances sedimentation. In the past, the interaction between tidal marshes and estuaries or coastal zones received much attention through numerous exchange studies (e.g. Valiela et al., 1978 :' Spurrier & Kjerfve, 1988 Whiting et al., 1989; Jordan & Corell, l99l; Childers et al., 1993) . In these 'classic' interaction studies, fluxes were determined through the construction of mass balances. Dominant questions were whether marshes were importing or exporting substances, such as N, p, C or particulate matter (C and sediment), often testing the 'outwelling' hypothesis (e.g. Dame et al., 1986) . Recently these studies have shifted their focus towards the underlying processes, using more refined techniques such as isotope labeling (e.g. Gribsholt et al., 2005 Gribsholt et al., , 2006 . However, there are several reasons why exchange studies within the frame of the eutrophication problem in estuaries and coastal seas are still important.
Firstly, while certain aspects such as P and N retention (e.g. Valiela et al., 1978; Dame et al., 1986; Whiting et al., 1989; Jordan & Corell, l99l; Troccaz et at. 1994) have been studied in detail, others such as Si have been covered less frequently (e.g. Dankers et al.,1984; Struyfet a1.,2005) . The high input ofN and P in estuaries can lead to potential Si limitation in diatom communities, which are then less available to the higher trophic levels than dominating non-diatom species (Schelske et al., 1983 Smayda, 1997). Silica has only exceptionally been incorporated in mass balance studies (e.g. Dankers et al., 1984; Struyf et a1.,2005) . Furthermore, while tidal salt marshes are relatively well studied (e.g. Troccaz et al. 1994) only few mass balance studies have focused on freshwater tidal marshes (e.g. Simpson et al.,1983; childers & Day, 1988; Bowden et a\.,1991; Struyf et a\.,2005 & 2006 , Gribsholt et al. 2005 , 2006 . With their botanical properties resembling inland freshwater wetlands, and as they interact more with river hydrology and the corresponding water quality than saline marshes, freshwater tidal marshes are very specific process interfaces. within these potentially strongly reactive areas, it has been shown through process studies that the seepage water, that usually contributes a minor part of the tidal water balance of the marsh, nevertheless can play a very important role in the processing capacity of a marsh. Yet the characterization of the seepage water has in the classic mass balance studies only seldom been emphasized (e.g. Whiting & Childers, 1989) .
Secondly, most tidal marsh exchange studies were performed in the 1970s and 1980s. For many estuaries, this period was characterized by peaking eutrophication problems. This is notably true for e.g. the Seine (Billen & Gamier, 1999) , the Elbe (ARGE Elbe, written communication) and the Scheldt estuary (Soetaert et al., 2005) . In the 1990s, measures were generally taken to improve the water quality and, as a consequence, river scientist are now often studying "oligotrophication" (decreasing N and P loads) rather than eutrophication. Thus Also, the difference between the bulk tidal exchangc and seepage is'scoped.
In this study fluxes of nutrients (N, P and Si), carbon and particulate matter were determined in a freshwater tidal marsh, together with the ambient estuarine conditions. Also the oxygenating potential, the fluxes of chloride and sulphate, and other supporting parameters were determined simultaneously. To our knowledge, this is a tidal marsh exchange study with the most comprising parameter list so far. Of all campaigns, the results of the winter were distinct. In January, export in general was marginal (Fig. 6 .a). The marsh surface was then frozen, which was apparently blocking most seepage (Table 6 .1). Import, however, was noted for SPM, PN, PIC, Tot P, POC and organic N, as the frost did not prevent deposition of particulate matter ( Fig.6.a) .
The export of DO was the clearest observed phenomenon. In April, a sevenfold export amount was recorded, while in the other seasons except winter, oxygen also showed top export rates of well over 100% (Fig. 6.4 ). For DO, the seepage phase contributed mofe to the mass balance than for any other parameter, except in January (Fig. 6 .5) when the river concentrations were high.
Chloride concentrations in the river were much higher in October than in any other month, despite the fact that the water level was higher at high tide in April (Table  6 .2). This can be explained by the discharge in October, which was almost three times lower than in April ( The components of Tot N (NHa*-N, NOr--1r1, NO2--N and org N) behaved differently.
In terms of percentage the import of NOr--N was maximal (Fig. 6.4 ) when the concentration in the river was lowest, i.e. in July (Table 6 .2). On the contrary. in Jawary, when NOI--N concentrations in the river were highest, the net import was relatively low, despite the high amounts that were exchanged. NHa--N on the other hand showed largest import when the concentrations in the river were high, and lowest import at the lowest concentrations, l.e. in October. The seepage phase was, relative to the bulk out flowing phase, in all cases enriched with NOI--N and depleted of NH+*-N. The concentration profile of the seepage phase was for nitrate and ammonium always decreasing, except in October, when an increase of ammonium was recorded (Table 6 .2). The import of NO:--N was thus due to the bulk phase, the seepage phase even somewhat counteracting the import (Fig. 6.5 Of all N-parameters, only NO2--N showed both export and import ( Fig. 6.a) . The exporvimport ratio for nitrite was predominantly determined by changes in the bulk tidal phase (Table 6 .2). The seepage phase was, compared with the bulk out flowing phase, consistently depleted of nitrite. However, the fact that nitrite showed both export and import is made less important in view of that constituents consistently low concentrations.
DIP was one of the four elements not showing consistent import or export in the four measured tidal cycles. Import occurred in July and export in the three other months (Fig. 6.4 ). In three of four cases, the seepage phase showed highest concentrations of DIP. Lowest concentrations were measured at high tide in the river (Table 6 .2).
DSi concentrations were highest in the seepage phase, showing strong increase (Table   6 .2). rn July, october and April the DSi enriched seepage water contributed more to the overall out flowing DSi budget than any other parameter but DO (Fig. 6 .5). The export in these months could be attributed to these high amounts of DSi in the seepage phase (Table 6 .2). Clearly the winter situation was totally different from the other seasons (Table 6 .2; Fig. 6.4) , showing some import and a constant concentration level throughout the tidal cycle. DSi was the only of all parameters to show this particular behaviour, which was with these data for the first time observed for tidal marshes.
The concentration profiles and balances of DSi are therefore presented in more detail and extent elsewhere, pointing at the concentration increase in the seepage phase in comparison with patterns in a saline marsh (Struyf et a1.,2005) . Here, the focus is pointed at the relation with the other nutrients.
Nutrient ratios
The molar ratios of N:P (Fig. 6 .6) and Si:N ( Fig. 6.7 ) delivered by the marsh are important because they show how the marsh influences the elements that control estuarine and eventually marine phytoplankton. In all cases, the N:P ratio of the seepage phase dropped below the values of the river, reaching the lowest values in
July and october (Fig. 6.6 ). In these months the seepage phase nutrient ratios showed potential N limitation. The Si:N ratio (optimat l:l) of the river water was confined between 0'2 and0.4, except in January, when a maximum of 0.57 was reached (Fig. 6.7 
Discussion
Before addressing the aims of this study (the effect of the marsh, the comparison between parameters and the difference between the seepage and bulk phase) the quality of the data must be assessed. Indeed, the water vs. the chloride balances showed differences that could indicate error. However, the concentration profiles indicate that the marsh can to some degree load and unload salt. Sediment physical properties, evapotranspiration and elevation are important determinants of salinity variation in pore water (Morris, 1995 (Table 6 .2).
Primary production in the Scheldt estuary is, however, not primarily limited by nutrients, but by light (Soetaert et al., 1994 
